ABSTRACT In the adult type of coarctation of the aorta the lumen is constricted by a shelf of fibromuscular tissue that protrudes from the dorsal wall of the aorta at a point near the site of insertion of the ligamentum arteriosum. The intima covering this constricting shelf has been studied using conventional light microscopy and scanning electron microscopy of surgical specimens of coarctation removed at ages varying from 2 to 46 years. Immediately proximal to the stenosis, the intima was found to run in fine longitudinal folds that radiated into the orifice. On the distal side of the shelf the intima was grossly irregular with deep longitudinal and transverse folds that gave it a convoluted appearance resembling the surface of the brain. In adults and older children the intima immediately distal to the orifice was covered with a laminated layer, distinct from the elastica, which often gave positive staining reactions for fibrin. Intimal thickness increased irregularly with age, but large increases of 500 ,um or greater were found only in patients over the age of 15 years. These findings are consistent with the view that the constriction has both a fibroelastic component that is congenital and a fibrous component that is acquired and progressive. It is suggested that this progressive element is caused by deposition of fibrin on an abnormal intimal surface in a region of turbulent blood flow. Such a mechanism would explain the occasional recurrence of coarctation of the aorta after surgery. This may be due to failure to remove the abnormal area of endothelium completely and to persistent abnormalities of blood flow at the site of anastomosis.
Coarctation of the aorta is one of the few truly curable causes of hypertension and, as such, it is important despite its being an infrequent condition. Apart from the production of systemic hypertension coarctation is associated with several secondary effects on the vascular system both in the formation of a collateral circulation and in modification of the aorta itself. Clagett and his colleagues (1954) pointed out that the severity of the stenosis cannot be judged from the external appearance of the aorta, and that intimal changes seen in adult cases of coarctation may cause technical problems at operation. It is well established that the primary defect is "a curtain-like infolding of the media that involves the superior, anterior, and posterior aspects of the aorta. The lower portion of the aortic wall, or that portion into which the ductus arteriosus inserts, does not take part in the deformity" (Clagett et al, 1954) . While some authors have concentrated their attentions on this medial deformity (Wielenga and Dankmeijer, 1968; Hutchins, 1971; Talner and Berman, 1975 ) much of the stenosis may be due to an intimal component (Edwards et al, 1948;  Clagett et al, 1954 ) that in some cases causes complete occlusion. These authors also presented evidence that the intimal component is not present at birth and is seen only in lesions of some duration. We have studied this progressive intimal element in a series of surgically removed coarctations using both conventional light microscopy and scanning electron microscopy.
Materials and methods
The material consisted of 27 coarctations mainly resected by DGT and 
Results
Using the light microscope the findings were similar to those described by Edwards et al (1948) and by Clagett et al (1954) . The lumen was constricted eccentrically by a shelf of tissue protruding from the dorsal and lateral walls of the aorta (fig 1) . This shelf had two components, one of which was composed of fibroelastic tissue and was constantly present. The other component was a variable degree of intimal thickening that in some cases was a much greater factor in constricting the lumen than the medial deformity. In three cases the lumen was completely occluded.
While the elastic component tended to point towards the site of insertion of the ductus, as described by Wielenga and Dankmeijer (1968) , the intimal element was most prominent in the downstream side of the orifice and was directed not towards the ductus but in the direction of blood flow.
This intimal thickening was composed of lamin- the thickness to be greater in male than in female patients but accurate measurements were only possible in five females and they were operated on at a higher average age.
SCANNING ELECTRON MICROSCOPY
Proximal to the shelf the intima had a radial arrangement of fine folds that ran into the orifice (figs 5 and 6). In the younger cases these folds could be traced right into the orifice itself where they were often obscured by what appeared to be a fresh deposit of fibrin and red blood cells (fig 8) . Distal to the shelf the appearances were variable, but the folding of the intima was much coarser than on the proximal side and the intimal folds instead of being radially arranged were completely irregular (fig 7) . In many cases a clear transition was visible at the level of the stenosis (fig 8) .
In mal thickening builds up and deflects the jet of blood. This may lead to shifting of the sites of "jet lesions" in the distal intima. The intimal component is laminated and often contains areas that stain for fibrin, suggesting that the layer is gradually built up by apposition of fibrin and platelets. This mainly takes place immediately downstream to the constriction, and it may be significant that adherent fibrin and blood cells were commonly seen at this site when using the scanning electron microscope. Use of this instrument confirms this view, for in older patients the intima was obscured at this site and on the cut surface the laminations of this plaque were visible (fig 9) . The fibrin and platelets adhere at this site due to the turbulent conditions of flow that must occur as the stream of blood issues from the orifice. The production of eddies at the sides of the jet seems probable so that platelets from slowly moving blood may settle on the intima on the distal side of the orifice.
Our findings indicate that this intima is probably abnormal and certainly even in the very young, the distal intima is different to that on the proximal side. The significance of these ridges is still uncertain but they probably reflect the orientation of the underlying elastic fibres. Clark and Glagov (1976) examined animal material using fixation at pressures exceeding the diastolic blood pressure and found that under such conditions most of the ridges described in vascular intima were not found. Our material was fixed without pressure, and probably the fine longitudinal furrowing seen on the proximal aspect may be absent in vivo at aortic pressures. The effect of pressure on the distal convolutions at the intima seems less certain for these are coarser and irregularly arranged. Furthermore, the pressures on the distal side of the stenosis are lower than on the proximal side. Many of these distal deformities are probably present before operation, and there seems no doubt that the distal intima is abnormal compared to that on the proximal side. 
